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Facile Photochemical Synthesis of Unprotected Aqueous Gold Nanoparticles
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In recent years, colloidal gold nanoparticles (AuNPs) have been Scheme 1. Formation of Gold Nanoparticles

the subject of strong interest in areas of materials science, O on |

biotechnology, and organic chemistry for their function as molecular /@)\(\ v * )Oi

markers, diagnostic imaging, and catalysi$eir synthesis has been .
g ging ys Y HO~¢ HO_~¢

performed under a variety of conditions, including traditional citrate
reduction? the widely employed BrustSchiffrin method of two-

phase synthesis with thiol stabilizatidrseeding growth using o AT ———— AU+ >:o + 4
ascorbic acid,and several thermal and photochemical techniques :

using thiols® amines$ micelles! dendrimers, polymers? and i

biomolecule¥’ as protective agents to aid in their stabilization in

aqueous, organic, and thin film medfa. AL
In a recent publication, Mirkhalaf et &.emphasize the need
for general synthetic approaches that are less reliant on the

c?imls:gptlo;rﬁf :ﬁﬁ'“tz'r:tg r"r?"’indsnfophta:jn'r}grstin atromsr (ts" r'1\l f1. When the pH is increased to 5.3 and 7.4 by addition of NaOH
or P) and comme at afternative methods for the preparalion ot ¢, 4 Nps of approximately the same size, a bathochromic shift

metal and ‘."‘”OV r?anopartlcle solutions would be advantag_eous. Theyin absorbance is observed, consistent with a decreased interparticle
report an ingenious method based on the decomposition of aryldistance as revealed by TEM
diazonium salts that leads to carbon-protected gold and platinum Absorbance spectroscopy of the AuNPs shows a translational

nalno%a_lrtlcles that_ arf[a_ stable for erksr.] tochemical thesis of surface plasmon band at 5302 nm, characteristic of spherical
n this communication, we report a pnotochemical Synthesis ol \pg ith high reproducibility. The broader, small peak at

?tablle, ;np:\lrotectsd Atuglli’s tha; doej no(t)requwte anyﬂsf the CO“VS“'looo nm may reflect the formation of nanorods. Figure 1 indicates
lonal (S, N, or P) stabilizing ligands. One-pot synthesis can be that irradiation for 3 min is sufficient for a significant yield of

perfg_;_med |n_secon%§l 0 m'.?“éfs’ rather thathétirJ]mder rtr_nlld .__nanoparticles, when left to ripen for a few hours. Nanoparticles
conditions using readily avarable precursors. FUrther, particie siz€ o .o q,ther characterized by TEM. As shown in Figure 2c, the
control can be readily achieved by altering the illumination intensity AUNP’s size was 12 3 nm for 40 W/nf with good monodisper-

(vide infra). sity. Closer inspection reveals monocrystalline lattices. Unprotected

Synthesis of aqueous gold nanoparticles was performed using Lo .
NPs prepared as reported here show remarkable stability in solution
Irgacure-2959 (1-{4-(2-hydroxyethoxy)phenyl]-2-hydroxy-2-methyl- ¢, ihs inder ambient conditions, including daily exposure to

1-propane-1-one) (1-2959). Upon 350 nm excitation, 1-2959 yields room lights (inset in Figure 1). Samples were irradiated in either

I]c(etylt_radlcals :j”a _Norrlsh-ttyp;ar;ut-cleavage;b‘ihesfe kstyl_r%dxls polystyrene BD Falcon 24-well plates or quartz cuvettes and stored
unction as reducing agents that are capable of reduct in either well plates or capped polycarbonate centrifuge tubes. Use

0 S . i
guregnl(tj ;?rtr;]]eAurll\loﬁclegrr:thlgr csc)pna::lc?ll zr;d.lfegfa?gﬂ .rr?sgg;]téogeai of soda or borosilicate glass appears to reduce the long-term stability
u P ! ! i ' " of these nanomaterials.

A sllgh_t excess_of 1-2959 is required to generate enough e_lcetone The effect of irradiance on nanoparticle growth was studied; the
ketyl radicals, which reduce tetrachloroaurate to forn¥Ad his hiaher the UVA irradi dth if he ligh
disproportionates to At and A", whereby Ad* is then reduced Igher the Irradiance an the more uni orm t g t source,
10 AL, leading to nanoparticle for;’nat'éhThese essentially Unpro- the smaller and more monodisperse the particle size. Exposure to
i tud’ NP : gr nthp izl din min It : in : |y: E nd rroom lights for 3 days resulted in particles of 5800 nm in
FT‘C e S "." € synthesize utes aqueou_s solution u ediameter. Irradiation of 7, 40, and 100 WHiproduced NPs of 40
air and remain stable for months. AUNPs have previously been syn-

thesized photochemically using other ketyl radicals as reducing * 10, 123, and 8+ 2 nm, respectively, as shown in Figure 2.
. Preliminary results with inhomogeneous exposure from xenon lamps
agents, such as benzophenSre benzoin'® but these have been Iminary restuits with | 9 us exposu X P

performed in polymers, dendrimers, or micelles and frequently or pulsed lasers (308 nm) led to increased polydispersity. Notably,

red Ki d inert at h o thod is b dnanoparticle formation did not occur in samples stored in the dark.
rﬁqyr::elegorégg unh(igiﬂénme.rta mosg er;e.'d urzram('ereonés rc?tseec- With no additional capping agent added to stabilize the nano-
N SIMple aqueous p ISlry, IS Very rapid, requireés no pr particles, their surfaces are relatively unprotected. They are bound
tive groups, and is performed under mild conditions under air.

. . - . electrostatically to the low concentration of anions available in
Gold nanoparticles were synthesized by preparing a solution solution, such as chloride and traces of carboxylic acids that ma
containing 0.33 mM HAuGland 1.0 mM 1-2959 in wate¥. The ' Y y

. . - . result from oxidative processes of acyl radicals formed in the
HAuUCI4/I-2959 samples were typically irradiated in a photoreactor o i ; .
with 40 W/n? UVA light. Samples were irradiated for a few Norrish-type | cleavage of 1-2959. While the fate of substituted

benzoyl radicals is not evident from our results, literature reports
t University of Ottawa suggest that, while benzyl radicals can interact with the gold
* National Research Council. surfacel® benzoyl radicals are more prone to undergo displacement

minutes. The final pH of the ruby-red solution of gold nanoparticles
was ~2.5, reflecting the production of acid, as shown in Scheme
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Figure 1. Absorbance of various gold nanoparticle samples prepared with Figure 3. Absorbance of AuNPs after addition of MPSA. AUNPs made
0.33 mM HAuCL and 1.0 mM 1-2959 in 24-well plates 40 WAtJVA at from 0.33 mM HAuCk, 1.0 mM 1-2959, and 60.33 mM MPSA.

1 min intervals recorded 24 h after exposure. Inset: Stability of a AuNP
sample prepared in a polystyrene 24-well plate. Initial absorbance and after
3 and 6 months (overlapping).

thiol concentration increases. A longitudinal plasmon forms at
higher concentrations, characteristic of nanorod formation identified
by TEM.

Use of Irgacure-2959 as a photoreducing agent could lead to
further applications in lithography with gold, silver, and other coin
metals, whereby they could be imaged separately or together as
core—shell or alloy nanoparticles.

In summary, stable, unprotected aqueous nanoparticles can be
cleanly prepared in minutes by reduction of HAWBY photochem-
ical decomposition of 1-2959, a water-soluble benzoin. A wide range
of particle sizes can be prepared by controlling the illumination
intensity. If required, the particles can be readily derivatized as
needed.
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